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1 General Information

11 Scope

This is an original FCC and ISED Canada certification application report.
Applicable Standards:

= FCC Rules Part 15.247: Frequency Hopping, Direct Spread Spectrum and Hybrid Systems that
are in operation within the bands of 902-928 MHz, 2400-2483.5 MHz and 5725-5850 MHz

= [SED Canada RSS-247: Digital Transmission Systems (DTSs), Frequency Hopping Systems
(FHSs) and Licence-Exempt Local Area Network (LE-LAN) Devices

= |SED Canada RSS-Gen: General Requirements for Compliance of Radio Apparatus

1.2 Description of EUT

Equipment Under Test Transceiver

Model 146-78-1

Power Supply 2 AA batteries (1.5V each)
Modulation Type DSSS

Frequency Range 2405 — 2480 MHz
Antenna Types PCB inverted F, +3.3 dBi

1.3 Test Facility

The open area test site and conducted measurement facility used to collect the radiated data is located at
360 Herndon Parkway, Suite 1400, Herndon, Virginia 20170.

ISED CAB ID: US0079, Company Number: 2956A
1.4 Related Submittal(s)/Grant(s)

This is an original application for Hunter Engineering Company Model 146-78-1, FCC ID: LS3-146781,
IC: 2938A-146781.

1.5 Modifications

No modifications were made to the equipment during testing in order to achieve compliance with these
standards.
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2 Test Information
2.1 Description of Test Modes

In accordance with FCC 15.31(m), and because the EUT utilizes an operating band greater than 10 MHz,
the following frequencies were tested:

Table 2-1: Channels Tested
Channel Frequency
Low 2405
Middle 2440
High 2480

2.2 Exercising the EUT

The EUT was supplied with test firmware programmed with a high, mid, and low channel for testing. The
EUT was tested in all three orthogonal planes in order to determine worst-case emissions. The EUT was
provided with software to continuously transmit during testing. The carrier was also checked to verify that
information was being transmitted. There were no deviations from the test standard(s) and/or methods.
The test results reported relate only to the item tested.

2.3 Test Result Summary

Table 2-2: Test Result Summary — FCC Part 15 Subpart C (Section 15.247); RSS-247
FCC Standard IC Standard Test e
or N/A
RSS-247 5.4(d) .
15.247(b)(3) RSS-Gen 6.12 Maximum Peak Power Output Pass
15.247(d) RSS-247 5.5 Band Edge Measurement Pass
15.247(d) RSS-247 5.5 Antenna Conducted Spurious Emissions Pass
15.247(a)(2) RSS-247 5.2(a) 6 dB Bandwidth Pass
15.247(e) RSS-247 5.2(b) Power Spectral Density Pass
15.207 RSS-Gen 8.8 AC Power Conducted Emissions N/A
RSS-247 5.5
15.209 RSS-Gen Radiated Emissions Pass
6.13/7.3/8.9/8.10
RSS-Gen 6.7/ .
N/A TRC-43 99% Bandwidth N/A
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24 Test System Details

Client: Hunter Engineering Co.
Model/HVIN: 146-78-1
Standards: FCC 15.247 / ISED RSS-247
IDs: LS3-146781 / 2938A-146781
Report #: 2022079

The test samples were received on August 9, 2022. The FCC identifiers for all applicable equipment, plus
descriptions of all cables used in the tested system, are identified in the following table.

Table 2-3: Equipment under Test
. RTL
Part Manufacturer Model e FCCID Cal.ale. Bar
Number Description
Code
Transceiver Hunter
(Antenna Engineering 146-78-1 N/A LS3-146781 N/A 24152
Conducted) Company
Transceiver Hunter
: Engineering 146-78-1 N/A LS3-146781 N/A 24151
(Radiated) C
ompany

2.5 Configuration of Tested System

EUT
/

Figure 2-1:

Configuration of System under Test
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3 Peak Output Power — FCC 15.247(b)(3); IC RSS-247 5.4(d), RSS-Gen 6.12

3.1 Power Output Test Procedure

A conducted antenna port power measurement of the EUT was taken per ANSI C63.10 11.9.1.1.

3.2 Power Output Test Data
Table 3-1: Power Output Test Data
Peak Power
Channel Frequency (MHz) Conducted Output (dBm)
Low 2405 7.8
Middle 2440 6.8
High 2480 5.8

Plot 3-1: Power - 2405 MHz

Agilent Spectrum Analyzer - Swept SA

x| RF
Center Freq 2.405000000 GHz )
PNO: Fast () Trig: Free Run
IFGain:L ow HAtten: 20 dB

SEMSE:IMNT ALTGM AUTC
Avg Type: Log-Pwr

Avg[Hold:>100/100

02:28:25 PM

Frequency

Auto Tune

Mkr1 2.404 54 G

Ref Offset 20 dB 7.782 dBm

Ref 30.00 dBm

Center Freq
2.405000000 GHz

StartFreq
2.395000000 GHz

Stop Freq
2.415000000 GHz

CF Step
2.000000 MHz

uto Man

Freq Offset
0 Hz

Center 2.40500 GHz Span 20.00 MHz
#Res BW 1.0 MHz #FVBW 3.0 MHz Sweep 1.00 ms (1001 pts)

MSG EE STATUS
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Plot 3-2: Power - 2440 MHz

Agilent Spectrum Analyzer - Swept SA
g | RF__[S09 ac | ] SENSE:INT ALIGH AUTO

Center Freq 2.440000000 GHz . Avg Type: Log-Pwr ’ Frequency
PNO: Fast () 1rig: Free Run Avg|Hold:>100/100

e
IFGain:Low #Atten: 20 dB

Mkr1 2.439 48 GHz Auto Tune
Ref Offset 20 dB
R:!f 3(?.960 dBm 6767 dBm

Center Freq
2.440000000 GHz

StartFreq
2.430000000 GHz

Stop Freq
2.450000000 GHz

CF Step
2.000000 MHz

uto Man

Freq Offset
0 Hz

Center 2.44000 GHz Span 20.00 MHz
#Res BW 1.0 MHz #VBW 3.0 MHz Sweep 1.00 ms (1001 pts)

Page 9 of 47



Rhein Tech Laboratories, Inc. Client: Hunter Engineering Co.

360 Herndon Parkway Model/HVIN: 146-78-1
Suite 1400 Standards: FCC 15.247 / ISED RSS-247
Herndon, VA 20170 IDs: LS3-146781/ 2938A-146781
http://www.rheintech.com Report #: 2022079

Plot 3-3: Power - 2480 MHz

Agilent Spectrum Analyzer - Swept SA

e | rF S0 oac [ ] SEMSE:INT. ALIGN AT 02:29;39 PM

Center Freq 2.480000000 GHz ) Avg Type: Log-Pwr PTG REE
PNO: Fast () 1rig: Free Run Avg|Hold:>100/100
=

IFGain:Low #Atten: 20 dB

Mkr1 2.479 52 GHz Auto Tune
Ref Offset 20 dB
R:!f 3(?.960 dBm 5 827 dBm

Center Freq
2.480000000 GHz

StartFreq
2.470000000 GHz

Stop Freq
2.490000000 GHz

CF Step
2.000000 MHz

uto Man

Freq Offset
0 Hz

Center 2.48000 GHz Span 20.00 MHz
#Res BW 1.0 MHz #VBW 3.0 MHz Sweep 1.00 ms (1001 pts)

Measurement uncertainties shown for these tests are expanded uncertainties expressed at 95% confidence
level using a coverage factor k = 2. MU = +0.8 dB.

Table 3-2: Power Output Test Equipment
Serial Calibration
RTL Asset# | Manufacturer Model Part Type Number Due Date
901583 Agilent N9010A Spectrum MY51250846 | 10/04/2024
Analyzer
901521 MA/COM 2082-6174-20 | Attenuator, 20 dB N/A 09/20/2022

Test Personnel:

Uil
Khue Do August 17, 2022

Test Engineer Signature Date of Test
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4 Compliance with the Band Edge — FCC 15.247(d); RSS-247 5.5

4.1 Band Edge Test Procedure

The transmitter output was connected to its appropriate antenna. A radiated measurement was
performed from the highest peak within the restricted band, the result was compared to the limit per ANSI
C63.10 11.12.

4.2 Band Edge Test Results

421 Lower Band Edge

Plot 4-1: Lower Band Edge
MultiView Spectrum -
Ref Level 5500 dBpY & RBW 1 MH=z
& Att 10dB ® SWT 100 ms ® VBW 3 MHz Mode Auto Sweep
=
| 1 Frequency Sweep 1Pk Max — ZRm Max e 3Rm Clrw
M3[2] 16.42 dBpv
&0 depy
2,3814800 GHz
M1[1] ‘ 64.10 dBpv
70 depv 24054500 GHz
—
60 depy /
50 dBpy / \;\\
30 depy 4 e 2
sttt
isdrhesnbonndn o b MWWWMMMWWWWW e
20 dBpy M o
Y
i
10 dBp
o depy
-10 dBpy
CF 2.39 GH=z 2000 pts 4.0 MHz / Span 40.0 MHz
2 Marker Table
M1 1 2.40545 GHz 64.10 dBpV
M2 1 2.381 62 GHz 25.97 dBpv
13 2 2.381 48 GHz 16.42 dBpV
measuring... INNNNENNN & 17.08.2022

12:29:22

12:29:23 17.08.2022
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4.2.2 Upper Band Edge
Plot 4-2: Upper Band Edge
MultiView Spectrum -
Ref Level 85 .00 dBpv & RBW 1 MHz
@ Att 10dB ® SWT 100 ms ® VBW 3 MHz Mode Auto Sweep
| requency Sweep 1Pk Max — ZRm Max ® 3Rm Clrw
4 M3[2] 21.42 dBpv
B B 2,483 500 00 GHz
M1[1] 58.19 dBpv
70 dgpy 747957500 GHz
60 depy M,l
50 depy ///ﬁ’—\\\
40 depv /:/ ?Qx\%&
30 depy P Lw
o i e S ————
MMMWM ] N o )
10 deyy bl s ol R R T b e e
0 depv
-10 depy
CF 2.4835 GHz 2000 pts 2.0 MHz/ Span 20.0 MHz
2 Marker Table
[ Type |
1 2.479 525 GHz 58.19 dBpVv
M2 1 2.484 22 GHz 29.90 dBpVv
M3 2 2.483 5 GHz 21.42 dBpVv
Measuring... [IHNNNNNNN it
12:26:39 17.08.2022
Table 4-1: Band Edge Results
.. Site .
Emission Analyzer . Emission —_— .
. Correction Limit Margin
Frequency Detector Reading Factor Level (dBuV/im) (dB)
(MHz) (dBuVv) (dB/m) (dBuV/m)
2381.480 Average 16.4 26.3 42.7 54.0 -11.3
2483.500 g 21.4 26.6 48.0 54.0 6.0
2381.480 Peak 26.0 26.3 52.3 74.0 -21.7
2483.500 29.9 26.6 56.5 74.0 -17.5

Measurement uncertainties shown for these tests are expanded uncertainties expressed at 95% confidence
level using a coverage factor k = 2. MU = 4.6 dB.
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Table 4-2: Band Edge Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
900878 Rhein Tef:h AM3-1197-0005 3 meter antgr_ma Outdoor No_t
Laboratories mast, polarizing Range 1 Required
901729 | Insulated Wire Inc. | “PS-1905310" [ spi RF Cables 20 NA 12/06/2022
901242 Rhein Tech WRT-000-0003 | Wood rotating table N/A Not
Laboratories Required
901773 | Rohde & Schwarz FSW50 Spectrum Analyzer 101021 02/02/2025

Test Personnel:

Khue Do

sl

August 17, 2022

Test Engineer

Signature

Date of Test
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5 Antenna Conducted Spurious Emissions - FCC 15.247(d); RSS-247 5.5

5.1 Antenna Conducted Spurious Emissions Test Procedures

Antenna spurious emissions per FCC 15.247(d) and C63.10 6.7 were measured from the EUT antenna
port using a 50-ohm spectrum analyzer. The modulated carrier was identified at the following
frequencies: 2405 MHz, 2440 MHz and 2480 MHz.

5.2 Antenna Conducted Spurious Emissions Data

Plot 5-1: Antenna Conducted Spurious Emissions — 2405 MHz

% 4 RBW 100 kHz

*VBW 300 kHz
Ref 20 dBm *Att 10 dB SWT 2.5 s

20 Offget 20|dB

I M ':!.4 -!

Pl o ol o
—T0 Bt ST

- —30

Start 9 kHz 2.4999991 GHz/ Stop 25 GHz

Date: 8.SEP.2022 17:53:05
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Plot 5-2: Antenna Conducted Spurious Emissions — 2440 MHz

@ *RBW 100 kHz

*VBW 300 kHz
Ref 20 dBm *Att 10 dB SWT 2.5 s

20 Offget 20|dB

y BN
=
Iu':l‘! -
IVL
=10 DI —T10.% dBm
- —20

Start 9 kHz 2.4999991 GHz/ Stop 25 GHz

Date: 8.SEP.2022 17:55:22
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Plot 5-3: Antenna Conducted Spurious Emissions — 2480 MHz
@ 4 RBW 100 kHz
4 VBW 300 kHz
Ref 20 dBm *Att 10 dB SWT 2.5 s
20 Offpet 20|dB
L g PN
v
¢ IVL
—=a Dl —11.5 dBm
- —20
=30
e
- —40
=50
[~ —c0
[~ —70
—-80
Start 9 kHz 2.4999991 GHz/ Stop 25 GHz
Date: 8.SEP.2022 17:58:00

Measurement uncertainties shown for these tests are expanded uncertainties expressed at 95% confidence
level using a coverage factor k = 2. MU = 0.8 dB.

Table 5-1: Antenna Conducted Spurious Emissions Test Equipment
Serial Calibration
RTL Asset# | Manufacturer Model Part Type Number Due Date
901521 MA/COM 2082-6174-20 | Attenuator, 20 dB N/A 09/20/2022
Spectrum
901581 aonde & | 1166.1660.50 Analyzer 200106 12/01/2024
(20 Hz — 50 GHz)
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Test Personnel:

Khue Do

st

Client: Hunter Engineering Co.
Model/HVIN: 146-78-1

Standards: FCC 15.247 / ISED RSS-247
IDs: LS3-146781 / 2938A-146781
Report #: 2022079

September 8, 2022

Test Engineer

Signature

Date of Test
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6 Occupied Bandwidth — RSS-Gen 6.7

6.1 99% Bandwidth Test Procedure

The following conditions shall be observed for measuring the occupied bandwidth and x dB bandwidth:

* The transmitter shall be operated at its maximum carrier power measured under normal test conditions.

» The span of the spectrum analyzer shall be set large enough to capture all products of the modulation
process, including the emission skirts, around the carrier frequency, but small enough to avoid having
other emissions (e.g. on adjacent channels) within the span.

* The detector of the spectrum analyzer shall be set to “Sample”. However, a peak, or peak hold, may be
used in place of the sampling detector since this usually produces a wider bandwidth than the actual
bandwidth (worst-case measurement). Use of a peak hold (or “Max Hold”) may be necessary to
determine the occupied / x dB bandwidth if the device is not transmitting continuously.

* The resolution bandwidth (RBW) shall be in the range of 1% to 5% of the actual occupied / x dB
bandwidth and the video bandwidth (VBW) shall not be smaller than three times the RBW value. Video
averaging is not permitted.

Note: It may be necessary to repeat the measurement a few times until the RBW and VBW are in
compliance with the above requirement.

6.2 99% Bandwidth Test Results

Table 6-1: 99% Bandwidth Test Data
Channel Frequency (MHz) 99% Bandwidth (MHz)
Low 2405 2.701
Middle 2440 2.759
High 2480 2.749
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Plot 6-1: 99% Bandwidth, 2405 MHz

Agilent Spectrum Analyzer - Occupied BW
e | RF__JS00 ac | ] SENSEINT

Client: Hunter Engineering Co.
Model/HVIN: 146-78-1

Standards: FCC 15.247 / ISED RSS-247
IDs: LS3-146781 / 2938A-146781
Report #: 2022079

ALIGH AUTO 11:58:12 AM Aug 11, 2022

Center Freq 2.405000000 GHz a
i Trig: Free Run

#IFGain:Low | #Atten: 20 dB

Center Freq: 2.405000000 GHz
Avg|Held:>100/100

Radio Std: None Frequency

Radio Device: BTS

Ref Offset 20 dB
Ref 20.00 dBm

Center 2.405 GHz

#Res BW 30 kHz #VBW 91 kHz

Occupied Bandwidth Total Power

2.7007 MHz

-31.773 kHz OBW Power
2.718 MHz x dB

Transmit Freq Error
x dB Bandwidth

Center Freq
2.405000000 GHz

CF Step
800.000 kHz

Span 8 MHz Auto Man

Sweep 11 ms

Freq Offset
0 Hz

99.00 %
-20.00 dB
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Plot 6-2: 99% Bandwidth, 2440 MHz

Agilent Spectrum Analyzer - Occupied BW
g | RF__[S09 ac | ] SENSEINT

Client: Hunter Engineering Co.
Model/HVIN: 146-78-1

Standards: FCC 15.247 / ISED RSS-247
IDs: LS3-146781 / 2938A-146781
Report #: 2022079

ALIGH AUTO 11:55:18 AM Aug 11, 2022

Center Freq 2.440000000 GHz a
i Trig: Free Run

#IFGain:Low | #Atten: 20 dB

Center Freq: 2.440000000 GHz
Avg|Held:>100/100

Radio Std: None Frequency

Radio Device: BTS

Ref Offset 20 dB
Ref 20.00 dBm

Center 2.44 GHz

#Res BW 30 kHz #VBW 91 kHz

Occupied Bandwidth Total Power

2.7587 MHz

-53.806 kHz OBW Power
2.890 MHz x dB

Transmit Freq Error
x dB Bandwidth

Center Freq
2.440000000 GHz

CF Step
800.000 kHz

Span 8 MHz Auto Man

Sweep 11 ms

Freq Offset
0 Hz

99.00 %
-20.00 dB
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Client: Hunter Engineering Co.
Model/HVIN: 146-78-1

Standards: FCC 15.247 / ISED RSS-247
IDs: LS3-146781 / 2938A-146781
Report #: 2022079

Plot 6-3: 99% Bandwidth, 2480 MHz

Agilent Spectrum Analyzer - Occupied BW

(27 G =T N
Center Freq 2.480000000 GHz

L
#IFGain:L ow

SEMSEIMT
Center Freq: 2.480000000 GHz
— 3 Trig:Free Run Avg|Hold:>100/100
#Atten: 20 dB

ALIGH AUTO 11:57:06 AM Aug 11, 2022

Radio Std: None

Frequency

Radio Device: BTS

Ref Offset 20 dB
Ref 20.00 dBm

Center Freq
2.480000000 GHz

CF Step
800.000 kHz

Center 2.48 GHz Man

#Res BW 30 kHz

Span 8 MHz

Aut
Sweep 11 msfees

#VBW 91 kHz

Occupied Bandwidth Total Power

2.7490 MHz

-53.669 kHz
2.775 NMHz

Freq Offset
0 Hz

OBW Power
x dB

99.00 %
-20.00 dB

Transmit Freq Error
x dB Bandwidth

MSG i E STATUS

Measurement uncertainties shown for these tests are expanded uncertainties expressed at 95% confidence
level using a coverage factor k =2. MU = +1.0 x 106 Hz.

Table 6-2: 99% Bandwidth Test Equipment
Serial Calibration
RTL Asset# | Manufacturer Model Part Type Number Due Date
901583 Agilent N9010A ipe""“m MY51250846 | 10/04/2024
nalyzer
901521 MA/COM 2082-6174-20 | Attenuator, 20 dB N/A 09/20/2022
Test Personnel:
Uil
Khue Do August 11, 2022

Test Engineer Signature Date of Test
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Client: Hunter Engineering Co.

Model/HVIN: 146-78-1

Standards: FCC 15.247 / ISED RSS-247
IDs: LS3-146781 / 2938A-146781

7 6 dB Bandwidth - 15.247(a)(2); RSS-247 5.2(a)

7.1 6 dB Bandwidth Test Procedure — Minimum 6 dB Bandwidth

Report #: 2022079

The minimum 6 dB bandwidths per FCC 15.247(a)(2) were measured per ANSI C63.10 11.8 using a
50-ohm spectrum analyzer with the resolution bandwidth set at 100 kHz, and the video bandwidth set at
300 kHz. The device was modulated. The minimum 6 dB bandwidths are presented below.

7.2 6 dB Bandwidth Test Results
Table 7-1: 6 dB Bandwidth Test Data
Frequency (MHz) 6 dB Bandwidth (MHz) | Minimum Limit (MHz) Pass/Fail

2405 1.5 0.5 Pass
2440 1.5 0.5 Pass
2480 1.5 0.5 Pass

Plot 7-1: 6 dB Bandwidth — 2405 MHz

MultiView Spectrum .

Ref Level 30.00 dBm

I 1 Occupied Bandwidth

ALt 40dB  SWT 1.02 ms ® VBW 300 kHz Mode

® RBW 100 kHz Compatible R&S

FsSU
Auto Sweep

1Rm Max
16.06 dBm
214049040 GHz

M1[1]

20 dem

T1
i

10 dBm

0 dem

-10 dBm

-20 dBm

- N
B Y T il
-40 dBm
-50 dBm
-60 dBm
CF 2.405 GHz 625 pts 2.0 MHz/ Span 20.0 MHz
2 Marker Table
M1 1 2.404 904 GHz 16.06 dBm Occ Bw 1.506 827 029 MHz
T1 1 2,404 1856 GHz 10,29 dBm Occ Bw Centroid 2,404938997 GHz
T2 1 2.405692 4 GHz .11 dBmn Occ Bw Freq Offset -61.002 54516 kHz

14:33:17 09.08.2022

Measuring...

. s 0082022

14:33:17
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Plot 7-2: 6 dB Bandwidth — 2440 MHz

MultiView Spectrum =

Ref Level 30.00 dBm ® RBW 100 kHz Compatible R&S FSU

Att 40 dB SWT 1.02 ms ® VBW 300 kHz Mode Auto Sweep
| 1 Occupied Bandwidth 1Rm Max

M1[1] 15.85 dBm
2/439904 0 GHz

20 dBm .

Lo o T1 va f’\m

[
[ i

a W
20 demd f//\wu (\NJ L"\»//\,J\\ At
M IRV (W T A ] W
-40 dBm
-50 dBm
-60 dBm
CF 2.44 GHz 625 pts 2.0 MHz/ Span 20.0 MHz
2 Marker Table
M1 1 2.439 904 GHz 15.85 dBm Occ Bw 1.514 602 243 MHz
T1 1 2.439157 8 GHz 9.36 dBm Occ Bw Centroid 2.439815147 GHz
T2 1 2440672 4 GHz 962 dBm Ccc Bw Freg Offset -84.853 051 065 kHz
Measuring... ENNENENEN e 2022
14:35:41 09.08.2022
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Plot 7-3: 6 dB Bandwidth — 2480 MHz

MultiView Spectrum =

Ref Level 30.00 dBm ® RBW 100 kHz Compatible R&S FSU

Att 40 dB SWT 1.02 ms ® VBW 300 kHz Mode Auto Sweep

1Rm Max

|| 1 Occupied Bandwidth

M1[1] 15.53 dBm

2,4799040 GHz

20 dBrm

. I

I I
/T

- M/VJ w M by P

B o e )
-40 dBm
-50 dBm
-60 dBm
CF 2.48 GHz 625 pts 2.0 MHz/ Span 20.0 MHz
2 Marker Table

M1 1 2.479 904 GHz 15.53 dBm Occ Bw 1.505449 365 MHz

T1 1 2.4791666 GHz 8.97 dBm Occ Bw Centroid 2.479819336 GHz

T2 1 24806721 GHz 916 dBm Ccc Bw Freg Offset -80.663 3839874 kHz

Measuring... ENNENENEN REespe-2022

14:36:54 09.08.2022

Measurement uncertainties shown for these tests are expanded uncertainties expressed at 95% confidence
level using a coverage factor k =2. MU = 1.0 x 10 Hz.

Table 7-2: 6 dB Bandwidth Test Equipment
Serial Calibration
RTL Asset # Manufacturer Model Part Type Number Due Date
901773 Rohde & Schwarz | FSW50 Spectrum 101021 02/02/2025
Analyzer

Test Personnel:

Dan Balizell August 9, 2022

Test Engineer Signature Date of Test

Page 24 of 47



Rhein Tech Laboratories, Inc.

360 Herndon Parkway
Suite 1400

Herndon, VA 20170
http://www.rheintech.com

8 Power Spectral Density - 15.247(e); RSS-247 5.2(b)

8.1  Power Spectral Density Test Procedure

Client: Hunter Engineering Co.
Model/HVIN: 146-78-1

Standards: FCC 15.247 / ISED RSS-247
IDs: LS3-146781 / 2938A-146781
Report #: 2022079

The power spectral density per FCC 15.247(e), and ANSI C63.10 11.10.2, was measured using a 50-ohm
spectrum analyzer with the resolution bandwidth set at 3 kHz, the video bandwidth set at 30 kHz, and
auto sweep time, using peak detector in max hold. The power spectral densities are presented for the
modulated carriers at 2405, 2440 and 2480 MHz. These levels are below the +8 dBm limit. See the
power spectral density table and plots.

8.2 Power Spectral Density Test Data

Table 8-1: Power Spectral Density Test Data
RF Power Level Maximum Limit .
Frequency (MHz) (dBm) +8dBm Pass/Fail
2405 -2.3 8.0 Pass
2440 -3.3 8.0 Pass
2480 -4.3 8.0 Pass

Plot 8-1:

Agilent Spectrum Analyzer - Swept SA

I R =TT

Power Spectral Density — 2405 MHz

SEMSE:IMT

ALIGH AUTC

Center Freq 2.405000000 GHz

Ref Offset 20 dB
Ref 30.00 dBm

Center 2.405000 GHz
#Res BW 3.0 kHz

PNO: Wide i, 1rg:FreeRun
IFGain:L ow #Atten: 20 dB

#VBW 9.1 kHz

Avg Type: Log-Pwr
Avg|Hold=>100/100

Mkr1 2.404 936 25 GHz
-2.337 dBm

00 e,

Span 3.750 MHz
Sweep 398 ms (1001 pts)

Frequency

uto

2.405000000 GHz

2.403125000 GHz

2.406875000 GHz

Auto Tune

Center Freq

StartFreq

Stop Freq

CF Step
3756.000 kHz
Man

Freq Offset
0 Hz
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Plot 8-2: Power Spectral Density — 2440 MHz

Agilent Spectrum Analyzer - Swept SA

g | RF__[S09 ac | ] SENSEINT

Center Freq 2.440000000 GHz . Avg Type: Log-Pwr ’ Frequency
PHO: Wide () 1rig: Free Run Avg|Hold:>100/100

—
IFGain:L ow #Atten: 20 dB

Auto Tune
Ref Offset 20 dB

Rerf 30.00 dBm

Center Freq
2.440000000 GHz

StartFreq
2.438126000 GHz

Stop Freq
2.441875000 GHz

CF Step
375.000 kHz

uto Man

Freq Offset
0 Hz

Center 2.440000 GHz Span 3.750 MHz
#Res BW 3.0 kHz #VBW 9.1 kHz Sweep 398 ms (1001 pts)

msa i Alignment Completed ﬁEsmTus
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Plot 8-3: Power Spectral Density — 2480 MHz

Agilent Spectrum Analyzer - Swept SA

e | rF S0 oac [ ] SEMSE:INT. ALIGN AT 02:31:01 PM

Center Freq 2.480000000 GH=z ) Avg Type: Log-Pwr Frequency
PHO: Wide () 1rig: Free Run Avg|Hold:>100/100
=

IFGain:Low #Atten: 20 dB

Mkr1 2.479 936 256 GHz Auto Tune
Ref Offset 20 dB
R:ef 3;-900 dBm 4.255 dBm

Center Freq
2.480000000 GHz

StartFreq
2.478126000 GHz

Stop Freq
2.481875000 GHz

CF Step
375.000 kHz

uto Man

Freq Offset
0 Hz

Center 2.480000 GHz Span 3.750 MHz
#Res BW 3.0 kHz #VBW 9.1 kHz Sweep 398 ms (1001 pts)

Measurement uncertainties shown for these tests are expanded uncertainties expressed at 95% confidence
level using a coverage factor k = 2. MU = +0.8 dB.

Table 8-2: Power Spectral Density Test Equipment
Serial Calibration
RTL Asset# | Manufacturer Model Part Type Number Due Date
901583 Agilent N9010A Spectrum MY51250846 | 10/04/2024
Analyzer
901521 MA/COM 2082-6174-20 | Attenuator, 20 dB N/A 09/20/2022

Test Personnel:

Uil
Khue Do August 17, 2022

Test Engineer Signature Date of Test
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Client: Hunter Engineering Co.
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IDs: LS3-146781/2938A-146781
Report #: 2022079

9 Conducted Emissions Measurement Limits — FCC 15.207; RSS-Gen 8.8

No conducted emissions required since the unit is battery operated.

10 Radiated Emissions - FCC 15.209; RSS-247 5.5; RSS-Gen 6.13/7.3/8.9/8.10

10.1 Limits of Radiated Emissions Measurement

Frequency (MHz) Field Strength (uV/m) Measurement Distance (m)
0.009-0.490 2400/f (kHz) 300
0.490-1.705 2400/f (kHz) 30

1.705-30.0 30 30
30-88 100 3
88-216 150 3
216-960 200 3
Above 960 500 3

As shown in 15.35(b), for frequencies above 1000 MHz, the field strength limits are based on average
detector, however, the peak field strength of any emission shall not exceed the maximum permitted
average limits, specified above by more than 20 dB under any circumstances of modulation.

10.2 Radiated Emissions Measurement Test Procedure

Before final measurements of radiated emissions were made on the open-field three/ten meter range, the
EUT was scanned indoors at one and three meter distances. This was done in order to determine its
emissions spectrum signature. The physical arrangement of the test system and associated cabling was
varied in order to determine the effect on the EUT's emissions in amplitude, direction and frequency. This
process was repeated during final radiated emissions measurements on the open-field range, at each
frequency, in order to ensure that maximum emission amplitudes were attained.

Final radiated emissions measurements were made on the three/ten-meter, open-field test site. The EUT
was placed on a nonconductive turntable 0.8 meters above the ground plane for emissions less than 1 GHz,
for emissions greater than 1 GHz the EUT was placed on a nonconductive turntable 1.5 m high. The
spectrum was examined from 9 kHz to the 10™ harmonic of the highest fundamental transmitter frequency
(24.8 GHz).

At each frequency, the EUT was rotated 360°, and the antenna was raised and lowered from 1 to 4 meters
in order to determine the emission’s maximum level. Measurements were taken using both horizontal and
vertical antenna polarizations. For frequencies between 30 and 1000 MHz, the spectrum analyzer’s 6 dB
bandwidth was set to 120 kHz, and the analyzer was operated in the CISPR quasi-peak detection mode.
For emissions above 1000 MHz, emissions are measured using the average detector function with a
minimum resolution bandwidth of 1 MHz. No video filter less than 10 times the resolution bandwidth was
used. The highest emission amplitudes relative to the appropriate limit were measured and recorded in this
report.
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10.3 Radiated Emissions Test Results

10.3.1 Radiated Emissions Digital Test Data

Client: Hunter Engineering Co.

Model/HVIN:

146-78-1

Standards: FCC 15.247 / ISED RSS-247
IDs: LS3-146781 / 2938A-146781

Report #: 2022079

Table 10-1: Digital Unintentional Radiated Emissions Test Data
Temperature: 27.2°C Humidity: 44%
Emission | Antenna Azimuth | Heiaht Emission Site Emission Limit Marain
Frequency | Polarity ©) (rr?) Level Factor Level (dBuV/m) (dg) Result
(MHz) (HIV) (@Buv) | (dB) | (dBpvim) H

41.852 V 0 1.0 44.6 -17.2 27.3 40.0 -12.7 Pass
58.325 V 0 1.0 51.6 -22.9 28.7 40.0 -11.3 Pass
67.150 V 0 1.0 50.4 -23.2 27.2 40.0 -12.8 Pass
76.950 \ 0 1.0 55.3 -22.3 33.0 40.0 -7.0 Pass
120.000 \ 0 1.0 42.2 -16.3 25.9 43.5 -17.6 Pass
144.000 \ 0 1.0 34.0 -17.4 16.5 43.5 -27.0 Pass
192.007 V 0 2.0 421 -18.7 23.4 43.5 -20.1 Pass
217.100 V 135 3.0 42.4 -18.5 23.9 46.0 -22.1 Pass
240.000 V 0 3.0 47 1 -15.9 31.2 46.0 -14.8 Pass
247.977 \ 45 2.0 40.3 -15.0 25.3 46.0 -20.7 Pass
455.875 \ 0 3.0 42.3 -8.7 33.6 46.0 -12.4 Pass
527.230 H 45 3.0 35.7 -6.9 28.8 46.0 -17.2 Pass

10.3.2 Radiated Emissions Harmonics/Spurious Test Data

Table 10-2: Radiated Emissions Harmonics/Spurious - 2405 MHz Average Detector
Analyzer .
Emission Reading S'te. Avgra_ge Average Average
Correction Emission s :
Frequency Average Factor Level Limit Margin
(MHz) Detector (dBpV/m) (dB)
(dBuV) (dB/m) (dBpV/m)
4810.0 3.7 34.0 37.7 54.0 -16.3
12025.0 -10.8 44.8 34.0 54.0 -20.0
19240.0 -10.3 53.6 43.2 54.0 -10.8
Table 10-3: Radiated Emissions Harmonics/Spurious - 2405 MHz Peak Detector
Emission Analy_zer Site. Peak Emission Peak Peak
Reading Correction s )
Frequency Peak Detector Factor Level Limit Margin
(MHz) (dBuV) (dB/m) (dBpV/m) (dBuV/m) (dB)
4810.0 10.3 34.0 443 74.0 -29.7
12025.0 -0.4 44 .8 44 4 74.0 -29.6
19240.0 0.3 53.6 53.8 74.0 -20.2
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Table 10-4: Radiated Emissions Harmonics/Spurious - 2440 MHz Average Detector

Emission RTEIER]D 2l . Av?ra_ge Average Average
Frequency ;;naly-zer Correction Emission Limit Margin
(MHz) eading Factor Level (dBuVim) (dB)
(dBuV) (dB/m) (dBpV/m)
4880.0 2.2 34.0 36.2 54.0 -17.8
7320.0 -7.1 36.5 29.4 54.0 -24.6
12200.0 -10.3 44.8 34.5 54.0 -19.5
19520.0 -10.3 54.0 43.6 54.0 -10.4

Table 10-5: Radiated Emissions Harmonics/Spurious - 2440 MHz Peak Detector

- Analyzer Site Peak
Emission . . L Peak Peak
Reading Correction Emission . )
Frequency Peak D F Level Limit Margin
(MHz) eak Detector actor eve (dBuV/m) (dB)
(dBuV) (dB/m) (dBpV/m)
4880.0 9.1 34.0 43.1 74.0 -30.9
7320.0 0.9 36.5 37.4 74.0 -36.6
12200.0 0.4 44.8 45.2 74.0 -28.8
19520.0 -0.6 54.0 53.3 74.0 -20.7
Table 10-6: Radiated Emissions Harmonics/Spurious - 2480 MHz Average Detector
L Site Average
Emission Average Analyzer . .y Average Average
. Correction Emission "y :
Frequency Reading Factor Level Limit Margin
(MHz) (dBuV) (dB/m) (dBuV/m) (dBpV/m) (dB)
4960.0 1.1 34.1 35.2 54.0 -18.8
7440.0 -9.8 36.6 26.8 54.0 -27.2
12400.0 -10.1 48.0 37.8 54.0 -16.2
19840.0 -10.0 54.2 44 1 54.0 -9.9
22320.0 -9.9 56.1 46.2 54.0 -7.8

Table 10-7: Radiated Emissions Harmonics/Spurious - 2480 MHz Peak Detector

Emission Gl i LS Peak Peak
Frequenc Reading Correction Emission Limit Margin
(I?IIHz) y Peak Detector Factor Level (dBuV/m) ( dg)
(dBpV) (dB/m) (dBpV/m) H
4960.0 8.4 341 42.5 74.0 -31.5
7440.0 -0.5 36.6 36.1 74.0 -37.9
12400.0 0.2 48.0 48.1 74.0 -25.9
19840.0 0.0 54.2 541 74.0 -19.9
22320.0 0.8 56.1 56.9 74.0 -17.1
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Client: Hunter Engineering Co.
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Report #: 2022079

Table 10-8: Radiated Emissions Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
Rohde and Loop Antenna
901663 Schwarz HFH2-Z2 (9 kHz - 30 MHz) 881056/062 | 08/12/2023
900878 Rhein Teph AM3-1197-0005 3 meter antgr_ma Outdoor No_t
Laboratories mast, polarizing Range 1 Required
901729 | Mmsulated Wire | KPS 19053150 1 s RF Cables 20° NA 12/06/2022
go1242 | RheinTech et 000-0003 | Wood rotating table N/A Not
Laboratories Required
900772 EMCO 3161-02 Horn Antenna 9804-1044 | 08/05/2024
(2 -4 GHz)
Horn Antenna
900321 EMCO 3161-03 (4.0 - 8.2 GHy) 9508-1020 08/05/2024
Horn Antenna
900323 EMCO 3160-07 (8.2-12.4 GHz) 9605-1054 08/05/2024
Horn Antenna
900356 EMCO 3160-08 (12.4 - 18 GHz) 9607-1044 08/05/2024
Horn Antenna
901218 EMCO 3160-09 (18 - 26.5 GHz) 960281-003 | 08/05/2024
901773 Rohde & FSW50 Spectrum Analyzer 101021 | 02/02/2025
Schwarz

Measurement uncertainties shown for these tests are expanded uncertainties expressed at 95% confidence
level using a coverage factor k = 2. MU = +4.6 dB.
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Test Personnel:

Khue Do
Test Engineer

August 11 - 12, 17, 2022
Dates of Test

11 Conclusion
The data in this measurement report shows that the EUT as tested, Hunter Engineering Company Model

146-78-1, FCC ID: LS3-146781, IC: 2938A-146781, complies with the applicable requirements of Parts
2 and 15 of the FCC Rules and Regulations and ISED Canada RSS-247.
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